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INTRODUCTION
Kidney cancer, one of the few malignancies increasing in incidence in the US, has a poor response to currently available agents and therefore new therapies are urgently needed (1) . Based on work from our group and others (2, 3) , it is becoming evident that RCC is truly a metabolic disease such that exploitation of newly discovered altered metabolic pathways is a fertile area for therapeutic target discovery. In our continuing evaluation of such reprogramming, it has become apparent that two such pathways, PAK4/β-catenin and NAD synthesis, are important in RCC progression but as yet have not been evaluated with respect to potential therapeutic targeting in this disease.
Given that PAK signaling (4, 5) and NAD generation (6, 7) play key roles in survival, proliferation, and oncogenic transformation, the discovery of a dual inhibitor of these pathways begged its evaluation in RCC. PAK4 is a group II PAK isoform and shows ubiquitous tissue expression (4) . PAK4, which is embryonic lethal in knockout mouse models, is fully activated when bound to Cdc42 leading to modulation of nucleo-cytosolic trafficking of β-catenin. Through a two-step process, PAK4 stabilizes and activates β-catenin transcription of Wnt target genes such as cyclin D which is essential in regulating cell proliferation (8) , and c-Myc which regulates apoptosis (9, 10) and glutamine reprogramming (11, 12) . While PAK4 signaling has been studied in some detail in other malignancies (13) , its only evaluation in kidney cancer prior to the work described here was to show that it portended both recurrence and adverse prognosis in patients with post-nephrectomy non-metastatic clear cell renal cell carcinoma (ccRCC) (14) .
Targeting the regeneration of NAD, which is an essential metabolite for sustaining energy production especially in rapidly proliferating cancer cells, has the potential to be a successful therapeutic strategy in cancer (6) . In this scheme, inhibition of NAMPT, the rate limiting enzyme of one of the NAD biosynthesis salvage pathways utilizing nicotinamide, results in significant depletion of NAD which is a key cofactor in the TCA cycle, epigenetics (sirtuins), and DNA repair (PARP). Since NAPRT1 which controls the alternative NAD biosynthesis salvage pathway through nicotinic acid (NA or niacin) is often down-regulated in specific malignancies through epigenetic promoter silencing (6) , these cancers become highly dependent on NAMPT activity, making NAMPT an attractive potential therapeutic target. Prior to our work described here, the NAD salvage pathway had not been studied in human RCC, although in a murine kidney cancer (RENCA) model, attenuation of NAD biogenesis showed anti-angiogenic properties (15) .
In the current study we demonstrate that RCC cells and xenograft tissues utilize both PAK4 and NAD-biosynthesis pathways for survival and that a novel dual PAK4/NAMPT inhibitor, KPT-9274, decreases xenograft growth by specifically affecting these pathways. There were minimal KPT-9274 effects on the normal human RPTECs and no apparent toxicity in vivo.
This compound is currently under evaluation in phase 1 human clinical trials for the safety, tolerability and efficacy for the treatment of solid tumor malignancies and NHL (NCT02702492), such that with the pre-clinical data in RCC shown here, it can be rapidly translated into the clinic for evaluation of RCC treatment.
MATERIALS AND METHODS

Materials
MTT solution, mouse monoclonal anti-β-actin, NA, NMN and NAD were obtained from Sigma (St. Louis, MO, USA). The antibodies against (PAK4, p-PAK4, β-catenin, p-β-catenin, cycline D1, c-Myc, β-actin (rabbit), PARP, Sirtuin 1) were from cell signaling Technology, Inc.
(Beverly, MA, USA). Goat anti-mouse and goat anti-rabbit HRP conjugated IgG were obtained from Bio-Rad (Hercules, CA). Anti-NAMPT was from Bethyl Laboratories (Montgomery, TX, USA), anti-NAPRT1 was from Proteintech (Rosemont, IL 60018, USA). ECL Plus solution was from Thermo-Fisher Scientific (Waltham MA, USA). KPT-9274 and its vehicle were from Karyopharm Therapeutics (Newton, MA, USA). FK866 was from TOCRIS Biosciences. Sunitinib was obtained from LC laboratories (Woburn, MA).
Cell lines
All RCC cell lines (786-0, ACHN, Caki-1) and U-2 OS cells were purchased from American Type Culture Collection (Rockville, MD, USA) in 2013 and authenticated originally by the source using short tandem repeat (STR). Cells were expanded and then frozen at low passage within 4 weeks after the receipt of the original stocks. Thawed cells were used within 15 passages without further authentication for this study. The "normal human proximal epithelial kidney cell line" (RPTEC) was purchased from Lonza (Basel, Switzerland) in 2015, authenticated by STR by the source, and used within 8 passages. All cells were routinely monitored in our laboratory for cellular morphology and microbial presence by microscopic observation and they were mycoplasma tested after each thaw or every 6 weeks if they are growing in culture. RPTEC cells, 786-O and Caki-1 cells were all maintained in DMEM media supplemented with 10% FBS, 100 units/mL streptomycin, and 100 mg/mL penicillin. The cells were maintained at 5% CO 2 and at 37°C.
Enzymatic NAMPT Assay
For the effect of KPT-9274 on NAMPT activity, recombinant NAMPT activity was measured using a coupled-enzyme reaction system (CycLex NAMPT Colorimetric Assay Kit Cat# CY-1251: CycLex Co., Ltd., Nagano, Japan). The two-step protocol was used following the manufacturer's instructions. Briefly, NAMPT was incubated with KPT-9274, in the presence of adenosine triphosphate (ATP), nicotinamide, phosphoribosyl pyrophosphate (PRPP), and nicotinamide nucleotide adenylyltransferase 1 (NMNAT1), for 60 minutes at 30 °C. Watersoluble tetrazolium salts (WST-1), alcohol dehydrogenase (ADH), diaphorase, and ethanol were then added to each sample for 30 minutes. Following the final incubation, the absorbance of the samples was detected at 450 nm using a Spectramax i3 (Molecular Devices) spectrometer and Softmaxpro software.
CRISPR silencing of PAK4
U-2 OS cells were cultured in McCoy's 5A (Gibco) media supplemented with 10% FBS at 37°C with 5% CO 2 . Cells were transfected (Lipofectamine 2000; Invitrogen) with a pair PAK4 of plasmids; one with a puromycin resistance gene and the other with GFP (Santa Cruz Biotechnology cat# sc-401895) both including a gene encoding a D10A mutated Cas9 nuclease and a target-specific guide RNA (against PAK4). Briefly, 250,000 cells were plated in a single well of a 6-well plate and allowed to adhere overnight. The following day the cells were transfected in antibiotic free media and allowed to grow for 2 days. Selection was accomplished by culturing cells in 1 µg/mL of puromycin and visual selection of GFP. Individual puromycin resistant/GFP clones were isolated and PAK4 expression was determined using Western blot analysis.
Cell viability assay
Cell viability assay was performed as described previously (16) . Briefly, 3,000 cells/well were plated in 96-well plates, and after the indicated treatments, the cells were incubated in MTT solution/media mixture. Then, the MTT solution was removed and the blue crystalline precipitate in each well was dissolved in DMSO. Visible absorbance of each well at 540 nm was quantified using a microplate reader.
Cell cycle analysis
Cell cycle analysis was performed utilizing Muse TM Cell Analyzer from Millipore (Billerica, MA) following manufacturer's instruction. Briefly, cells were cultured in T25 cell culture flasks and after 72h of the indicated treatments, the cells were washed with PBS, fixed in 70% ethyl alcohol for 3h and stained with propidium iodide (PI). After staining, the cells were processed for cell cycle analysis.
Apoptosis assay
Annexin V & Dead Cell Assay was performed utilizing Muse TM Cell Analyzer from Millipore (Billerica, MA) following manufacturer's instruction. Briefly, after the indicated 72h treatments, the cells were incubated with Annexin V and Dead Cell Reagent (7-AAD) and the events for dead, late apoptotic, early apoptotic, and live cells were counted.
Immunoblotting
Cell lysates and tissue lysates were prepared with RIPA or T-PER buffers, respectively from Fisher scientific (Grand Island, NY, USA) in the presence of protease inhibitor cocktail from
Invitrogen. Immunoblotting was done as described previously (16) . Briefly, after the indicated treatments, the cells were washed with PBS, lysed in their lysis buffer, and whole-cell lysates as well as cytoplasmic and nuclear extracts were immunoblotted. For the tissue immunoblotting, tissue was weighed, homogenized and sonicated in T-PER buffer. The nitrocellulose membranes were blocked in 5% nonfat dry milk for one hour at room temperature, incubated with indicated antibodies, and then probed with horseradish peroxidase tagged anti-mouse or anti-rabbit IgG antibodies. The signal was detected using ECL Plus solutions.
siRNA Transfection
Cells were plated in 6-well plates for immunoblotting or T25 flasks for apoptosis assays. 
Transwell migration and invasion assays
The in vitro cell migration and invasion assays were performed using transwell chambers 
Scratch wound-healing assay
786-O cells were seeded onto 12-well tissue culture dishes and grown to confluence. Each confluent monolayer was then wounded linearly using a pipette tip, and washed three times with PBS. Thereafter, cell morphology and migration were observed and photographed at regular intervals for 12 and 24 hours. The number of cells migrating into the cell-free zone was determined by light microscopy.
Immunofluorescent staining
Cells cultured on 12-mm glass cover-slips were fixed for 15 minutes in PBS containing 4% paraformaldehyde and 2% sucrose and then permeabilized in PBS containing 0.3% Triton X-100 for 2 minutes. Cover slips were reacted with primary antibody against β-catenin and FITClabelled anti-rabbit secondary antibody. F-actin was stained with TRITC-conjugated phalloidin, and nuclei were demarcated with DAPI staining. The cells were mounted onto slides and visualized using fluorescence microscopy (model Axiovert 100; Carl Zeiss, Oberkochen,
Germany) or a Zeiss LSM510 laser-scanning confocal microscope image system.
NAD+ and NADH measurement
Cells were plated at 3,000 cells/well in 96-well plates and incubated overnight. Media was removed, and replaced by fresh media containing compound at indicated treatments in triplicate. 48 hours later cells were lysed and total NAD and NADH was assayed by luminescence measurement using The NAD/NADH-Glo™ Assay (Promega, Madison) following the manufacturer's protocol.
In vivo experiments
All animal procedures were performed in compliance with the University of California animals were randomly assigned to treatment groups and treatments were started (day one).
KPT-9274 drug product (30% KPT-9274 API + 40% Polyvinylpyrrolidone K30 + 15% methyl cellulose + 15% Phospholipon 90G) or vehicle (58% Polyvinylpyrrolidone K30 + 21% methyl cellulose + 21% Phospholipon 90G) was administered by oral gavage twice daily for 5 days at 100 and 200 mg/kg twice a day. As a positive control, oral gavage of sunitinib in vegetable oil was given. Sunitinib was administered via oral gavage 5 days a week at 40mg/kg body weight.
To determine any potential toxicity of the treatment(s), body weights of the animals were measured and signs of adverse reactions were monitored. On day 28 of treatment, the mice were euthanized and the tumor volume was determined: mm 3 = (length × width 2 ) /2
Bioanalysis of KPT-9274 in Mouse Plasma and 786-0 xenograft tumors
At the end of the experiment animals were dosed by vehicle or KPT-9274 and 8 hours later plasma and tumor tissues were collected. Vehicle or KPT-9274 Samples (n=6) were kept in -80 °C and sent to Cyprotex facility (Watertown, MA) for KPT-9274 analysis. Briefly, analysis was performed by LC/MS/MS using an Agilent 6410 mass spectrometer coupled with an Agilent 1200 HPLC and a CTC PAL chilled autosampler and peaks were analyzed by mass spectrometry (MS) using ESI ionization in MRM mode.
Statistical analysis
Comparisons of mean values were performed using the independent samples t-test. A pvalue of < 0.05 was considered significant. For the in vivo studies a two-way ANOVA multiple comparison test was performed to compare the treatment groups and < 0.05 was considered significant.
RESULTS
KPT-9274 attenuates the PAK4/β-catenin pathway, results in NAD depletion, and attenuates viability, invasion, and migration in several RCC cell lines
KPT-9274 is an orally bioavailable small molecule (Fig. 1A ) that shows dual inhibition of NAMPT and PAK4. To examine NAMPT and PAK4 target engagement, we first examined the ability of KPT-9274 to inhibit NAMPT and PAK4 activity. Inhibition of NAMPT in a cell-free enzymatic assay using recombinant NAMPT shows an IC 50 of ~120 nM for KPT-9274 (Fig. 1B) .
CRISPR PAK4 knock-out in an U-2 OS cell line confirms inhibition of PAK4 as evidenced by a 6-fold resistance to KPT-9274-induced growth inhibition (measured by MTT assay) as compared to the parental cell line (Fig. 1C) . We confirmed cellular inhibition of NAMPT as evidenced by reduction of total NAD after treatment two RCC cell lines with KPT-9274 (Fig. 1D) , and we showed inhibition of PAK4 through dose-dependent steady reduction in phospho-PAK4
by immunoblotting preferentially in RCC cell lines as compared to a primary normal renal tubular epithelial cell line (Fig. 1E ).
Since gastrointestinal and other cancers (although not previously reported in RCC) have shown dependence on PAK4 via constitutive activation of the Wnt pathway (17) Fig. 2A) . By contrast, viability of the primary RPTEC cells derived from normal kidney was attenuated by 45% at 2 -10 µM with an IC 50 of 1300 nM) ( Fig. 2A) . This differential effect of KPT-9274 on RPTEC versus RCC cell lines suggest that the inhibited pathways are more active in malignant-derived than in normal cell lines and bodes well for tolerability in humans.
To evaluate additional cancer-related pathways, we evaluated cell invasion through (Fig. 2C) . A similar suppression of cell motility was observed in these cells incubated with KPT-9274 using a standard wound healing assay (Fig. 2D) .
KPT-9274 attenuates G2/M transit and induces apoptosis in RCC cell lines.
Since 3A ; gating data shown in Supplementary Fig. 2 ).
While there was minimal but significant apoptosis as measured by annexin V flow cytometry in RPTEC cells treated with KPT-9274 when compared to vehicle control, the effect was more pronounced in both RCC cell lines treated with KPT-9274 (Fig. 3B) . To further evaluate apoptosis, we observed significant PARP cleavage by immunoblot in the cancer cells with a more dramatic effect on the VHL-null 786-0 cells at both 72 and 96 hours, but no cleavage was observed in the RPTEC (Fig. 3C ). Decreased PARP cleavage at the higher concentrations of KPT-9274 is likely due to the NAD dependence of PARP (18) in the presence of NAD biosynthesis inhibition by KPT-9274 (see below). Taken together these data indicate that KPT-9274 attenuates proliferation and enhances apoptotic pathways in RCC cells.
KPT-9274 affects RCC oncogenic signaling pathways and shows specify to PAK4 inhibition
To confirm specificity of the responses on the PAK4 pathway to KPT-9274 (see Fig. 1E ),
we utilized siRNA methods. SiRNA attenuation with a construct specific to PAK4 resulted in a decrease in PAK4, phospho-PAK4, and phospho-β-catenin in all cell lines (Fig. 4A) .
Interestingly, while the siRNA caused the expected changes in these proteins in normal RPTECs, KPT-9274 did not result in parallel changes in PAK4 and phospho-β-catenin in these cells (Fig. 1E) , suggesting that the drug has differential sensitivity to members of these pathways on cancer as compared to normal cells. After PAK4 siRNA transfection, the annexin V flow cytometry showed similar results to KPT-9274 (Fig. 4B, compare to Fig. 3B ). Taken together, these data are consistent with the likely lack of KPT-9274 effect in normal kidney parenchyma and suggest that there will be minimal toxicity of this inhibitor to normal tissues.
Both c-Myc and cyclin D1 are transcriptional targets of the Wnt ligand through nucleocytosolic shuttling of β-catenin through PAK4 (8) , and in addition both of these genes are known to be activated in RCC oncogenesis and reprogramming (11, 12, 19) . In further evaluation of whereas nuclear, and to some extent cytosolic, distribution of β-catenin was decreased in response to KPT-9274 (Fig. 4D ). Confirmatory data from cytosolic/nuclear separated proteins, which shows higher resolution than immunoblotting of total β-catenin (Fig. 4A) showed a decrease of β-catenin protein in both the cytosolic and nuclear fractions of cells exposed to KPT-9274 with a higher decrement in nuclear β-catenin at the earlier time point (Fig. 4E) .
NAD depletion in RCC cells is induced upon KPT-9274 treatment
The availability of abundant NAD is a key requirement in rapidly proliferating cancer cells and is produced through several biosynthetic pathways including the de novo pathway from tryptophan (most active in the liver; Pathway 1 in Fig. 5A ) and two salvage pathways (Pathways 2 and 3 in Fig. 5A ). However, in many cancer cells, NAD salvage achieved through NAPRT1 catalysis of nicotinic acid is downregulated and causes cellular energy requirements to be highly dependent on NAMPT for NAD regeneration and cell survival (6) . To determine which pathways are in play in RCC, we evaluated protein levels of NAMPT and NAPRT1 by immunoblotting of several RCC cell lines as well as the normal RPTEC cells. While NAMPT levels were similar in both RCC cells used in this study as compared to RPTEC (Fig. 5B) , NAPRT1 was markedly decreased in these cells (although less so in ACHN, derived from a human RCC pleural effusion) suggesting a critical dependence of RCC, but not RPTEC, on the NAMPT salvage pathway for its requisite supply of NAD; this also represents the first demonstration of such reprogramming of the NAD synthetic pathway in RCC.
Since NAD is required for rapid proliferation of cancer cells, we next evaluated the results of NAMPT inhibition, and consequent NAD attenuation, after treatment with KPT-9274.
Although RCC and RPTEC cells showed a marked decrease in total NAD species upon KPT-9274 incubation for 48 hours ( Fig 5A) , rescues NAD biosynthesis in all cell types (Fig. 5C ). As a control for NAMPT inhibition, we utilized FK866, a selective NAMPT inhibitor, which showed similar effects to KPT-9274 on total NAD (Fig. 5C ).
To demonstrate the requirement of NAD for survival of RCC cells, we evaluated cell viability under NAD-altering conditions similar to the above experiments. As above, we found that RCC cell viability was decreased by KPT-9274 and was rescued by the addition of NMN;
there was no rescue of cell viability when NA was added on RCC cells incubated with KPT-9274
( Fig. 5D ; compare to Fig. 5C ). To further investigate and confirm the role of the NAD pathway in RCC, we evaluated levels of Sirt1, a NAD-dependent enzyme with multiple roles in cellular metabolism, senescence and DNA repair in many malignancies. Consistent with the inhibitory effect of KPT-9274 on the NAD pathway through NAMPT, Sirt1 levels were decreased after incubation of both RCC cell lines with this inhibitor, but Sirt1 levels were not affected in RPTEC cells (Fig. 5E ). Taken together, these data demonstrate that RCC utilize the NAMPT salvage pathway to generate sufficient NAD for their energy requirements, and that KPT-9274 decreases NAD and viability levels through specific inhibition of NAMPT. RPTEC cells, on the other hand, can generate NAD through the NAPRT1 pathway despite inhibition of NAMPT by KPT-9274 and are thus less sensitive to this drug. This is confirmed by the ability of these cells to rescue NAD levels and cell viability when treated with KPT-9274 and supplied with NA at the same time (Fig. 5C, D) .
KPT-9274 decreases tumor growth in a human xenograft model of RCC.
In order to translate these in vitro findings to an in vivo model as a further step towards Fig. 6A ) comparable to that of sunitinib (data not shown). As evidence for lack of toxicity, there was no significant weight loss in animals receiving KPT-9274 as compared to those receiving vehicle through the end of the experiment (Fig 6B) . To confirm target effects of KPT-9274, all tumors were immunoblotted for PAK4. The animals treated with KPT-9274 showed marked attenuation of PAK4 (Fig. 6C) . Consistent with previous results, levels of PAK4 (see Fig. 1E ), cyclin D1, and sirt1 (see Fig. 4C and 5E) were also decreased. To determine disposition of the inhibitor, levels of KPT-9274 were measured at the end of the experiment in mouse plasma and tumors and were found to be present in both blood and tissue at a similar magnitude (10757 ng/ml and 10647 ng/ml in plasma and tumor, respectably, 8 h after the last dose of KPT-9274).
DISCUSSION
Due to the historically poor response of RCC to immune-modulating therapies and the frequent resistance of RCC to current targeted therapeutics, the discovery of novel targetable pathways and small molecule inhibitors in RCC would represent a major advance in the field.
The dual PAK4/NAMPT modulator, KPT-9274, targets two signaling pathways which have been described to be active and of importance in malignancy in general, yet neither of these pathways had previously been studied in detail in RCC. We now show that both of these pathways are highly active in RCC, and hence this inhibitor is ideally suited for further study in RCC including in human clinical trials.
The PAK4 pathway, by means of its effect on β-catenin, influences the transcription of such key Wnt-regulated proliferative and survival pathways as c-Myc and cyclin D1. PAK4 is active in various malignancies but until now, other than demonstration of overexpression in several renal cell lines (21) , this pathway has not been thoroughly evaluated in RCC. With regard to NAD, an essential metabolite for sustaining cellular energy critical to the survival of rapidly proliferating cells, KPT-9274 attenuates a key arm of NAD biosynthesis. In malignancies such as RCC in which we now show that one of the pathways of synthesis (NAPRT1) is reprogrammed "down", the end result of KPT-9274 inhibition contributes to poor survival of RCC cells and tissues likely due in part to limiting NAD biosynthesis (see Fig. 5A ).
The family of p21-activated protein kinases (PAKs) is composed of serine-threonine kinases whose activity is regulated by the small p21 guanosine triphosphatases (GTPases) Rac1 and Cdc42. In turn PAK4, can also down-regulate the p21 cell cycle regulator, CDKN1A (22) . The PAK proteins have been classified as group I and group II, and are positioned at the intersection of several important oncogenic pathways, including hallmarks of cancer such as growth signal autonomy, evasion of apoptosis, and promotion of invasion and metastasis (4).
PAK4, the first of the group II PAKs to be cloned and characterized, is embryonic lethal in mice when knocked out and is critical to cytoskeletal organization (5). Subsequent investigation of this kinase showed that, by virtue of its regulation of nuclear import of β-catenin, it was capable of modulating transcription of β-catenin target genes such as cyclin D1 and c-Myc (8) which play key roles in cancer proliferation and metabolic reprogramming (11, 12, 19) . Furthermore, through phosphorylation of CDK1NA, PAK4 can regulate cell cycle transit at G1/S and G2/M (23, 24) . From a clinical standpoint and consistent with our data, those patients with relatively high PAK4 expression by immunohistochemistry of non-metastatic RCC in fact showed poorer prognosis (14) .
NAD is briskly turned over in cancer cells which utilize this cofactor for energy requirements in rapidly proliferating cells, as well as by such NAD utilizing enzymes essential for cancer cell function (i.e. PARPs and SIRTs) (25); the most efficient biosynthesis of this cofactor occurs through the salvage pathways (6) . Our data demonstrating the use by RCC cells of the salvage pathways rather than de novo synthesis from tryptophan for NAD biosynthesis are consistent with that seen in other cancers (6) . We have shown that NAPRT1 is downregulated in all RCC cells tested (see Fig. 5C ), leading to a reliance of these cells on NAMPT as is evidenced by the profound effects of KPT-9274 on these cells. As far as we can tell, this attenuation of NAPRT1 levels is the first report of a reprogrammed NAD biosynthesis pathway in RCC. These data also support the hypothesis that the salvage pathways, rather than the de novo pathway which occurs predominantly in the liver (26), are more highly represented in RCC.
The fact that NA can be utilized by normal epithelial cells and sustain normal NAD levels when KPT-9274 is administrated makes this drug a good clinical candidate for RCC. Using with NA supplementation when treating RCC will reduce the side effects of blocking NAMPT and subsequent NAD depletion in normal tissue.
Toxicology studies conducted in dogs and rats revealed the expected toxicities to the gastrointestinal tract and hematological cells (e.g. thrombocytopenia) which are common to other inhibitors of PAK4 or NAMPT (4-6). However, gross toxicity was not observed in the current efficacy study in mice although blood counts were not measured. The reason for the lack of observed toxicity may be that, while both PAK4 and NAD biosynthesis are essential in embryogenesis and for rapidly growing cell metabolism, these pathways are of relatively less importance in adult tissue homeostasis. It is also possible that dual inhibition at lower levels could ameliorate toxicities which occur at higher levels of single pathway inhibition. Safety and tolerability of KPT-9274 is currently being investigated in a Phase 1 human clinical trial of patients with advanced solid malignancies and NHL (clinicaltrials.gov; NCT02702492). Thus, translation of these inhibitors to human trials holds considerable promise for RCC. All results represent at least three independent experiments.
4. KPT-9274 shows specificity for attenuation of PAK4 targets preferentially in RCC cells.
Both RCC cell lines in addition to a normal primary renal proximal tubular epithelial cell line (RPTEC) were grown to 50% and transfected with an siRNA specific to PAK4 or a scrambled sequence control siRNA, then subjected to:
A. immunoblotting and 
